Abstract: Agar diffusion techniques are used widely to assay plant extracts for antimicrobial activity, but there are problems associated with this technique. A micro-dilution technique was developed using 96-well microplates and tetrazolium salts to indicate bacterial growth. p-lodonitrotetrazolium violet [0.2 mg/mI] gave better results than tetrazolium red or thiazolyl blue. The method is quick, worked well with Staphylococcus aureus, Enterococcus faecalis, Pseudomonas aeruginosa, and Escherichia coil and with non-aqueous extracts from many different plants. The method gave reproducible results; required only 10-25,uI of extract to determine minimal inhibitory concentrations, distinguished between microcidal and microstatic effects, and provided a permanent record of the results. Using S. aureus, and a Combretum molle extract, the technique was 32 times more sensitive than agar diffusion techniques and was not sensitive to culture age of the test organism up to 24 hours. The S. aureus culture could be stored up to 10 days in a cold room with little effect on the assay results. This method was useful in screening plants for antimicrobial activity and for the bioassay-guided isolation of antimicrobial compounds from plants. MIC values determined for sulfisoxazole, norfioxacin, gentamicin, and nitrofuratoin were similar to values indicated in the literature but values obtained with trimethroprim and ampicillin were higher with some bacteria.
Introduction
Due to the development of resistant bacterial strains, there is an increase in the number of papers published on antibacterial activity of plant extracts. Most authors use agar diffusion assays to determine the antibacterial activity of extracts. The technique works well with defined inhibitors (1), but when examining extracts containing unknown components, there are problems leading to false positive and false negative results. The antimicrobial effect may be inhibited or increased by extrinsic factors or contaminants. The agar type, salt concentration, incubation temperature, and molecular size of the antimicrobial component influence results obtained with agar diffusion assays (2) . This technique also does not Planta Medica 64(1998)711-713 © Georg Thieme Verlag Stuttgart• New York distinguish between bactericidal and bacteristatic effects and the minimum inhibitory concentration (MIC) can not be determined.
The most widely used alternative technique in general microbial assay is serial dilution of the extract in a number of test tubes followed by the addition of the test organism to determine the MIC for the test organism using turbidity as an indication of growth. This technique requires relatively large quantities of extracts and is therefore not useful in bioassay guided isolation of antimicrobial compounds. Hewitt and Vincent (1) gave guidelines and procedures for the microbial assay and Marsh and Goode (2) presented a panel discussion of the problems involved with assaying antimicrobial activity.
In this paper scaling down of the serial dilution technique using of 96-well microplates to assay extracts was investigated.
Materials and Methods
Leaves of Combretum molle R. Br. ex G. Don (Combretaceae) were collected from a tree occurring naturally in Pretoria and a voucher specimen (C L Bredenkamp 1543) was deposited at the National Herbarium in Pretoria. Leaves were freeze dried, ground in a mill, and extracted by vigorously shaking with acetone at a ratio of 10: 1, yielding 9.0mg extract/mI, i.e., 90 mg extracted from I g of dried leaf material.
The test solution (25-lOOpi) was serially diluted 50% with water and 25-lOOftl of a 3-hour old culture of one of Large volume conventional 50% serial dilution was in 9 ml sterilised Kimble tubes containing 2 ml Müller-Hinton broth. Two ml of the extract were added to the first tube, well mixed, and two ml were transferred to the next tube, etc. Two ml of an actively growing culture of the different test organisms were added before incubating overnight at 37 °C. After examining turbidity visually, 0.8 ml of 0.02 mg/ml INT was added to each tube, incubated, and re-examined after 30 minutes.
In the standard agar diffusion technique a number of 6.5 mm diameter holes was punched in a solidified Müller-Hinton agar suspension of S.aureus and 100/il of serially diluted C. molle extracts were added to the different holes. The triplicate plates were incubated at 37 °C and the area of inhibition measured one and seven days later.
Results and Discussion
Attempts to determine the turbidity of the microcultures with a microplate reader failed because with some test organisms the cells clumped at the bottom of the well and with other organisms the cells stayed in suspension. This also made it difficult to see unambiguously where growth occurred. Precipitation of compounds present in extracts of certain plants and the green colour of the extracts at high concentrations also caused problems.
Tetrazolium salts are frequently used to indicate biological activity because the colourless compound acts as an electron acceptor and is reduced to a coloured product by biologically active organisms. The tetrazolium compounds used [1TC, It is not always feasible to use test organisms a specific time after inoculation especially if large numbers of samples are to be tested. To determine the effect of culture age, a I % inoculum of S. aureus cultures in Müller-Hinton broth was incubated at 37°C for 1, 3, 6, and 24 hours. When these cultures were subjected to a fresh acetone extract of C. molle, there was no difference in the MIC values (Table 1) . To determine whether cultures change significantly after storing at low temperatures, cultures were also stored in a cold room at 9°C for 1 day, 10 days, and 14 days before testing the biological activity of a fresh C. molle leaf acetone extract.
S. aureus culture age from I to 6 hours and storing cultures up to 10 days in a cold room had little or no effect on the MIC values (Table 1) . These results were surprising because the number of cells inoculated has an effect on the MIC in larger volume serial dilution (1). The 50% inoculum size used here compared to the ca. 50 times lower inoculum used in the standard tube MIC method (3) may explain the difference.
When the conventional larger volume tube assay was used on the plant extract, precipitation of insoluble components and the green colour of extracts made it difficult, if not impossible, to determine the MIC which explains why it is hardly ever used for screening plant extracts. After adding INT to the tubes, the results were unambiguous and gave the same MIC In testing non-water miscible extracts or fractions, the extract was dried in the microplate well and then dissolved in acetone, which is a very efficient solvent for components of the plants that we have investigated (3). With this system acetone concentrations up to 50% did not inhibit the growth of the cultures, probably due to the large inoculum used.
Overnight incubation was sufficient before adding the tetrazolium salt. Because INT does not change colour in the absence of biological activity, it could also be added before addition of the test organism. When the test solution was diluted with water or with growth medium MIC values were constant, but there tended to be more precipitate when the extract was diluted with growth medium. By examining the microplates at different times, it is possible to differentiate between microstatic and microcidal effects. Because the colour of reduction product of INT was stable, the plates could be kept for reference purposes. Although E.faecalis reacted slower than the other organisms this technique worked well with all the bacterial isolates tested, in contrast to bioautography which worked much better with S. aureus.
The green colour of plant extracts makes it difficult to read data with a microplate reader. Attempts to remove chlorophyll by photo-oxidation or by liquid-liquid extraction with- Inoculum size has a large effect on MIC values (1) and some organisms are also effected by the Ca and Mg concentrations in the growth medium (4). When extracts were diluted with medium and 1 % extracts were tested against trimethoprim and ampicillin, the results were closer to the literature values (Table 2 ).
In screening for antibacterial compounds or using bioassay 
